08/1 1/2003 03:06 FAX 415 5T^0300 



© 006/016 



AppL No, 09/976,927 PATENT 

Aindt. dated June 11, 2003 

R^ly to 0£Eoe Action of Septeihber 1 1, 2003 

REMARKS/ARGUMENTS 
This Amendment is responsive to the Office Action mailed on June 11, 2003, Prior to 
this Amendmait, claims 1-28 were canceled, and claims 29-36 were pending. In this 
Amendment, claim 37 is added so (hat claims 29-37 are pending and subject to examination on 
the merits. 

35 use 103 - Schnur et al. ASM, and Portcrfield 

Claims 29-33 and 36 are rejected as obvious over Schnur et al. (U.S. Patent No. 
5,079,600), ASM Handbook VoL 5, Surface Engineering, pp. 315-318 ("ASM"), and PorterjEield, 
Inorganic Chemistry, A Unified Approach (Porterfield). 

According to the Examiner, Schnur et al. discloses a semiconductor device comprising a 
substrate, a thin film including a self-assembled monolayer (SAM), and a metal layer. The 
Examiner admits that Schnur et al. does not teach the limitation, "for each molecule of the 
plurality of molecules, the copper in the metal layer is in direct contact with the aromatic groxq) 
of the molecule/* The Examiner states that ASM teaches that copper may be used as a catalyst 
for electroless plating of copper, and that Porterfield, an inorganic chemistry textbook, teaches 
that metal complexes with pyridine groups. The Examiner further alleges that: 

It would have been obvious for one of ordinary skill in the art, at the time of the 
invention to use copper as the metal catalyst in Schnur as taught in the ASM 
Handbook because Schnur is not limited to Pd/Sn catalysts, as at least claim 1 of 
Schnur makes clear, and because copper is a known catalyst for electroless copper 
plating, as used in Schnur, as taught by ASM Handbook. In this regard, it has 
been held that the selection of a known material based upon its suitability for an 
intended purpose is obvious. 

This rejection is traversed- 

Schnur et al and ASM teach away from the proposed modification of Schnur et al 

There is no motivation to modify Schnur et aL with the teachings f ASM, because Ih 
cited references explicitly teach away fiom the modification proposed by the Examiner. 
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Obviousness can only be established by combining or modifying the teachings of the prior art to 
produce the claimed invention where there is some teachings suggestion^ or motivation to do so 
found either in the references themselves or in flie knowledge generally available to one of 
ordinary skill in the art. /« reFine, 837 R2d 1071, 5 USPQ2d 1596 (Fed. Cir. 1988). MPEP § 
2143.01 . It is improper to combine references where the references teach away from their 
combination. In re Grassellh 713 F.2d 731, 743, 218 USPQ 769, 779 (Fed. Cir. 1983) (The 
claimed catalyst which contained both iron and an alkali metal was not suggested by the 
combination of a reference which taught the mterchangeability of antimony and alkali metal with 
the same beneficial resiUt, combined with a reference expressly excluding antimony fiom, and 
adding iron to, a catalyst). MPEP § 2143.03. 

Schnur et aL is directed to selectively depositing microcircuit patterns on a substrate, 
without etching and without using conventional hthography processing. See, e.^., c. 7, 1 1-7 of 
Schnur et al. The patterning of fine line conductive paths is clearly an "object** of Schnur ct al.'s 
invention (see c. 5, 1. 15 to. c. 6, 1. 12). The catalyst chosen in Schnur et al is a palladium-tin 
colloid (c- 7, L 63), since this is the most effective catalyst for creating fine microdrcuits. As 
stated at column 9, lines 18-22 of Schnur et al., "fal principal feature of the invention as 
schematically indicated at FIG. 3A, is the adher«ace of the colloidal palladium/tin (Pd/Sn) 
catalyst precursor to the substrate only in those regions that are to be plated in the electroless 
bath." (enqjhasis added) Page 318 of ASM confirms that palladium-tm colloids are "stable", 
allow for good selectivity, and is more active per unit of palladium than other catalysts. 

The Examiner takes the position that it would have been obvious to substitute the inferior 
(and likely inoperative for Schnur et al.*s purpose) copper catalyst (specifically a copper-tin 
colloid catalyst) described in ASM for the palladium-tm colloid catalyst in Schnur et al. Page 
318 of ASM states: 

A major disadvantage [of using a copper catalyst as opposed to a palladium-tin 
colloid catalyst] is that because the catalyst is much less active catalytically, the 
accompanying electroless copper bath must be formulated as a much less stable 
solution than copper baths employed with the more active palladium-tin catalysts. 
This can result in process control problems, (emphasis added.) 
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Contrary to the Examiner's allegation, one skilled in the ait would not have chosen ASM's 
copper-tin colloid catalyst instead of Schnur et al/s Pd/Sn catalyst, because doing so (1) would 
be a **major disadvantage," (2) would result in a "much less stable solution," (3) would result in 
**process control problems/* and (4) would take away a **pTincipal feature" of Schnur et al.*s 
invention. Furthermore, because of the process control problems and poor catalytic ability of 
ASM's copper-tin colloidal catalyst, the Examiner's proposed substitution of ASM's copper-tin 
colloidal catalyst for Schnur et al/s palladium-tin catalyst would also likely not have resulted in 
the fine microcircuits desired by Schnur et al. Contrary to the Examiner's allegation, the copper- 
tin colloid catalyst disclosed in ASM would likely not have been ^'suitable'' for Schnur et al's 
intended purpose. 

To the extent that the Examiner believes that copper catalysts and palladium catalysts are 
"functionally equivalent" and therefore obvious to substitute for each other, p, 318 of ASM 
explicitly suggests that copper and palldium based catalysts are not functionally equivalent, since 
copper catalysts have a "major disadvantage" compared to palladium catalysts. 

It may be the position of the Examiner that with enou^ time and effort, one "could" 
make the inferior copper-tin colloid catalyst described in ASM work in Schnur et al/s process. 
However, the mere fact that references can be combined or modified does not render the 
resultant combination obvious unless the prior art also suggests the desirability of the 
combination. In re Mills, 916 R2d 680, 16 USPQ2d 1430 (Fed. Cir. 1990). As the Examiner is 
no doubt aware, "obvious to try*' is not standard for establishing obviousness. Rather, one 
skilled in the art must have been **motivated'* to make the proposed modification. As noted 
above, there is no '^otivatiotf* to replace Schnur et al.'s Pd/Sn catalyst with one that has a 
'*major disadvantage." 

Applicants also acknowledge the Examiner's allegation that Schnur et al/s claim 1 is not 
limited to Pd/Sn catalysts. Applicants submit that the use of the generic use of the word 
'"catalyst" (or variant thereof) in Schnur et al/s claims does not mean that Schnur et al. 
contemplated or suggested a copper-tin colloid catalyst that has a '"major disadvantage." See, 
e,g., Fujikawa v. Wattanasin, 93 R3d 1559, 1571, 39 US,P.Q-2d (BNA) 1895, 1905 (Fed. Cir. 
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1996) C'simply describing a large genus of compounds is not sufiScient to satisfy the written 
description requirement as to particular species or sub-gcnuses")- 

Dependent claims 33 and 37 

Dependent claims 33 and 37 are novel and unobvious since they depend from a novel and 
unobvious independent claim. In addition, dependent claims 33 and 37 further recite that the 
metal layer is formed by a sputtering and a vapor deposition process, respectively. 

Page 7 of the Office Action states that claim 33 is a product-by-process claim. The 
Examiner then refers to case law which indicates that Applicants have the burden of showing 
that there is a structural difference between die product disclosed in the cited art and the product 
produced according to the process recited in die claims. In rebirttal of the Examiner's allegation 
that the ''method by which the metal layer is deposited does not have patentable weight," 
Applicants submit an article by Yin et al., Mater- Phys. Mech. 4 (2001) 56-61 to show that there 
are non-obvious structural differences in a layer deposited by electroless plating (see page 56) 
and by a vapor deposition process. As shown by FIQ 3 of Yin et al., SEM micrograph c) shows 
a fihn formed by vapor deposition, whereas SEM a) shows a film formed by an electroless 
plating process. As shown, the deposited films have a distinct structural difiference, and as noted 
by page 58, second column of Yin et al., "the vapor phase deposition seemed to show a router 
surface as compared to other processes." Therefore, it cannot be presumed the structure of the 
resulting vapor deposited or sputtered layer of claims 33-34 would be the same as or obvious 
over die structures of the electroless metal layers described in Schnur et al. 

35 use 1 03 - Schnur et al.- ASM, Porterfield, and Simon et al. 

Claims 34-35 are rejected as obvious over Schmir et al. (U.S, Patent No. 5,079,600), 
ASM Handbook Vol. 5, Surfece Engineering, pp, 315-318 C*ASM'*)i Porterfield, Inorganic 
Chemistry, A Unified Approach (Porterfield), and Simon et al. 
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Applicants submit that the combination of Schnur et al., ASM, and Porterfield is deficient 
for the reasons provided above. The additional citation of Simon et al. does not remedy the 



In view of the foregoing, Applicants believe all claims now pending m this Application 
are in condition for allowance. The issuance of a fonnal Notice of Allowance at an early date is 
respectfiilly requested. 

If the Examiner believes a telephone conference would expedite prosecution of this 
application, please telephone the undersigned at 41 5-576-0200. 



Two Embarcadero Center, 8*** Floor 
San Francisco, California 941U-3834 
Tel: 415-576-0200 
Fax:415-576-0300 
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Abstract thin lilrns wara dapositad on conductiyo (Cu) and norvconductive (Pd activated 

glass) substrate using an elecirotese. potyol rnethod. The stDichiometry of film oompo^Uon, as 
compared to the precursor concentration, strongly depended on the substratd poeltton. When 
the substrata was immaraad in tha naffuxing solution, Fe-deficient films were deposited. H^evor 
Fe-fich films were eyntheeizad whan the substrates were euepended in the vapor phase above 
the solution. When the substrate was repeatedly suspended above the solution for a short time 
after each long rmrarsion In solution (this pmcass was denoted as quenching), tha films 
developed an iniamiadiata range Of Fo concentration. The surface incnasiructure, long range 
and short range ord^ of these films reveaidd that the films were ondlzed. and the extent of 
oxidation depended both on the type of substrate and substrate position. 



1. INTRODUCTION 

Iron-nlclcel thin films find uses in nr^gnetlc record- 
ing heads due to their low coercivity, high perme- 
ablJltyand near zero magnetostriction [1]. Solution 
synthesis of FeNi thin film using conventional elec- 
trodeposition has been reported (2-6]. Electroles? 
deposition depends on the auto-catalytic chamioal 
reaction without any applied currant. However, K 
requires the initial functlonafization (rfthe eubstraite. 
The most attractive advantage of electrofess depo- 
sition overeleotrodeposition Is that if is suitable for 
a large nartge of substrates, which can be conduc- 
tive or non-conductive and with regular or Inregular 
surface. 

A non-aquaaus electrolass pnocess known as 
the potyol method hes bean used to produce fine 
powders. It involves reduction of metal precursors 
in refluxing ethylene glycol (EG). Noble metals such 
as silver [7], paftadium [8], copper [9] and even less 
easily reducible metals sudi as niclcel [10] and 
nickek»ball alloy [11] can be prepared by precipi- 
tation in the alcohol media* The polyol process hcM/- 
ever is not suitable for the synthesis of Fe. Since 
F has a more n gativ standard reduction poten- 



tial in EG than NiIE2^(F^/Fe)=-1240 V, E^9^t^/ 
Ni)=-0.926Vwith respect to AgCVAg reference elec^ 
trode] (1 2], EG is too weak to reduce Fe*\ The dis- 
pnoportionation of Fe(ll) hydroxide has been reported 
in Fe-N! codaposltlon according to the following re- 
action [13.14]. 

4 Fe(OH) ^ > Fo+ Fa + 4 O 

To increase the yield of f&t a large excess of so- 
dium hydroxide with respect to iron (it) is neces- 
sary. In such FeNi codeposltkjn, polyols play sev- 
eral Important roles as: (1) solvent and reaction 
media; (2) reducing agent for Ni precursor (3) pro- 
tecting agent to prevent oxidation in both NI and Fe 
daposltlon; and (4) connplexing agent to prevent the 
crystallization of magnetite (Fe^O^) in Fe deposi- 
tion. Hcwever, due to the low yield of Fe dlspropor- 
tionation, Fe concentration in synthesized FeNi 
particles was still below 30 at%, and could not be 
increased even by et^ancing the ratio of Fe precur- 
sor [14]. To date, littia work has been reported on 
the pdyol depo^ttion of FeNi thin film. 

In this paper, we report our study of the polyol 
d position of FeNi films using both conductive sub- 
strate tpofycrystalline Cu) and non-conductive sub- 
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Fig. 1. SEM micrographs of Cu and etched 
glass substrates (a) Cu substrate; (b) 25 nm Pd 
film sputtered on etched glass; (c) 2 nm Au film 
sputtered on etched glass. 



strate (etched gal&s). During film deposition black 
Fe-rlch deposits were observed on the glassware 
above the solution surface. This phenomenon sug- 
gested that in the polyot system, the Fe deposition 
was not confined only In the solution pha^e, but it 
also occurred in the vapor phase. Moreover, Fe depo- 
sition might be favored in vapor instead of In the 
solution. To gain further insight into this process, 
the effects of varying the substrate position was in- 
vestigated. Three deposition processes were stud- 
ied: a) the substrate was oompletely Immersed in 
solution; b) the substrate was rapeatedly immersed 
in sdutbn followed by a brief suspension above the 
solution (refen-ed to as quenching); and c) the sub- 
strate vras oompletely suspended in the vapor above 
the solution. 

2. EXPERIMENTAL METHODS 

Two solutions were mixad: the first being a mixture 
of the metat salts, nickel (II) acetate tetrahydrate 
and iron (11) acetate in the nrxjlar ratio of 50:50, in a 
total concentration of 0.2 mol/l after mixing; and the 
second solution contained sodium hydroxide in ex- 
cess v^h respect to the metal salt stoichlometry, 
I.e. sodium hydroxkie ooncentrattons in the range 
2.0 moVI after mixing. Different substrates (polished 
Cuarxj tchsdgbss)wersvdrtIoaIlysuspendedand 
used in three different depos[tk>n processes, namely, 
in solution, above solutkxi and quenching. Quench- 
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Ing was carried out such that during every 10 min 
deposition, the substrate was kept in the solution 
for 7 nnln and above the solution for 3 min. 

The solution was heated to the refluxing tenv 
perature of 1 94 *C and refluxing was allowed to con- 
tinue for 60 nniri. During heating, nitrogen was intro- 
duced to the reaction solution to prevent mstal kxis 
from oxidatton. The composition of the deposited 
ftlms was delennined by energy-dispersive X-ray 
spectroscopy (EDX). The surface morphok>gy of the 
fiinr^ was observed using scanning electron micros- 
copy (SEM). The long-range order of the flinns was 
studied using d-2d X-ray diffractton (XRD) and the 
peaks were analyzed using a pr<rfile fit routine. The 
average crystallite size was estimated from the line 
broadening at the full width half maximum, Ignoring 
the strain broadening. The local atomic environment 
of the films was investigated using extended X-ray 
absorptk>n fins stnjctura (EXAFS) spectroscopy at 
beamline 3C1 , Pohang Light Source, South Korea. 

3. RESULTS AND DISCUSSION 

Characterization of Substrates. The surface of 
polished Cu substrate was fairly smooth with some 
fine scratches as shown in Fig. 1(a). The deposl- 
tk>n of F^Nl films oocunod on Cu substrata irrespec- 
tive of the substrate position. However, film deposi- 
tion was not observed for etched glass substrates. 
This indicated that the nature d the substrate played 
a very important role In etectroless deposrtion. Ac- 
cordingly, it was necessary to activate the non-ac- 
tive glass substrate by introducing catalytic partkdes 
prior to electroless deposition. Palladium is fre- 
quently used as an activator for electroless plating 
of many metals and alloys [16]. In outwork, glass 
substrates were activated with a sputtered Pd film. 
The thickness of the Pd interface was about 25 nm. 
Faceted structuras were found in the SEM micro- 
graph as shown In Fig. 1 (b). To Investigate whether 
the facets were ftom the etched glass or the crys- 
tatlino layer of the Pd Interface, a Au film with a 
thickness of 2 nm was sputtered on the etched glass 
substrate and its morphology was shewn m Fig. 
1 (c). There was no notfceable difference between 
the thin Au and thicker Pd interface. It could be 
concluded thai the etched glass itself was faceted, 
and they were covered by the thin metal interface 
after sputtering. For discussion, the etched glass 
substrate with Pd Interface is denoted as PdGI. 

The catalytic activities ofdifferent substrates were 
evaluated from the anodic potarizatkxi curves in EG 
(Fig. 2). It was found that the apparent oxidation 
potentiat of EG on Cu was lower than that on PdGI. 
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Fig. 2* Polarization curves ft>r the anodic oxidalion 
of ethylene glycol solution containing 2 mol/l 
NaOH on different subatratea 



Thus Cu eub8lrate wa$ mora active than PdGI in 
the alkaline EG solution. Although Pd was very ef- 
fective to activate sut>strat6 In many reductant eys- 
tems, 6uch as borohydrides, hydrazines and 
hypophosphites. it was not a universally active cata- 
tyftst for all anodic oxidation of reductant Further- 
more the largo Pd faceted particlos (>2 ]}m) may 
not l>a as active a& that of nanometer colloidal Pd 
catalysts. 

Film Comp^ltiorh. The composiEion of FeNi films 
deposited on Cu and PdGI substrates suspended 
at different positions Is shown in Tabte 1 , As men- 
tioned before. FeNI film could be deposited on Cu 
substrate in three dWerent positions, but the film 
condition greatly differed. Forthe PdGI substrata, 
film deposition occurred only when the substrate 
was quenched or suspended above the solutfon. 
When the substrate was immersed in the soluticn, 
Pd interface was not adhesive enough to survive the 
refluxing reaction system and finally peeled off. Fur- 
ther adhesion measurement showed that the criti- 
cal load for the delamlnation of Pd interface was 
2.92 N (determined by micro-scratch test using a 
progressive load from 0 to 5 N at a toadlng rate of 
2.5N/min), 

When the Cu substrate was immersed in solu- 
tion, Fe concentration of deposited films was 25%. 
The Fe deficiency has been explained by the low 
yield Of Fo disproportlonation that resulted from the 
urtavodablo oxldatim of Fe(OH)2and Fe particles 
[14]. Changing th substrate posilion however dra- 
matically Influenced xfbr both substrates. The Fe 
concentration increased when th substrate was 



KYln, H,3.0,Ch&n md Q.M.Chcw 

Table 1 . F ooncentrations of FeNI films deposited 
on different substrates- 



SubstvBtB Substrate x/nFe^Ni^^, FUmthiok' 
position (x in &t %) ness (nm} 



Cu 


In solution 


25 


322 




Quenching 


41 


29d 




Above solution 


' 90 


2^ 


PdGI 


In solution 


No film 


Not available 




Quenching 


63 


462 




Above solution 


87 


407 



suspended above tl>e refluxing solution. When the 
substrate was quenched, the fllnns developed an in- 
temnediate range of x. Slmilarliim compositions ware 
obtained using a diffensnt starting ratio of Fa of 70% 
(data not shown here) and the similar dependance 
of Fe concentration on substrate position was also 
confirmed on both Cu and PdGI substrates. When 
the substrate was placed in or above the solution, 
solution deposition or vapor deposition occun^d on 
the substrate surface, respectively. When the sub- 
strate was quenched. It experienced the two depo- 
siOon mechanisms repeatedly. Vapor and solution 
deposition might have different mechanisms of 
nucleation and growth due to presumably different 
transport mechanisms of atoms and inlerfadal re- 
actions. Enhancement of Fa concentration In the 
FeNi films deposited in the vapor phase of the pdyol 
process has been suggested resulting from the for- 
mation of Fe-Ni-EG intentwdlates {16]. 

It was noted that for quenohlng-depositedfilnns. 
the Fe concentration on PdGI substrate was much 
higher than that on Cu substrate. The reason Is not 
yet dear but it may be related to the interfaclal 
reactions of Pd in the raduction or disproportion- 
ation occurred in solution. 

Morphology. Fig. 3 shows the surface morphology 
of deposited thin fUnns on Cu substrates. All of the 
three sanrtples had high apparent film density. How- 
ever, the vapor phase deposition seemed to show 
rougher surface as compared to the other pro- 
cesses. The apparent particle size Increased from 
solution deposition to vapor deposition. The film 
deposited in vapor had the largest apparent particle 
size (in SEM) and smallest crystallite size (about 
SOnm,ostimatedfromX-rayooh rence length). This 
indicated that the small crystallites agglomerated 
to fbnm large particles without significant grain 
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Fig. 3. SEM microoraphs of FeNi thin film (a) In 
solution, (b) quenched, (c) above solution. 



Fig- 4. SEM micrographs of FeNl film deposited 
on PdGI subGtrale (a) quenched with deposition 
Ume 2Qmln; (b) quenched wtth deposition time 
eomln; (c) above solutton with deposition lime 
60m in. 



growth. The charging effect (bright «pot3 in SEM) 
could be attributed to th e existence of oxida. A com- 
paiison of the three SEM micrograph? ahowed that 
vapor-dopocitod fi(m had mow suiface oxide than 
dolutlon-deposHed film. ^ 

In this work, the substrata In the vapor deposi- 
tion proce&s was su spanded about 2 cm above the 
refjuxing solution In an open condenaing system. 
Gecauae the EG vapor had much higher density 
than air. it would predominantly occupy the sub- 
strate region by displacing the lighter air. In sub- 
atrata n»glon> EG vapor and water vaporware ex- 
pected. Since EG was an effective reducing agent 
for metal Ions, Its vapor would not oxidize the de- 
posited metal fUm. The reaction temperature (194 
*0 waa high enough to evaporate water which was 
derived form EG polyol process, and the deposition 
was carried out without the removal of water dunng 
refluxing. As a result, the praaence of water vapor 
could lead to oxidation. 

The SEM nvcrographs of FeNl films on PdGI are 
shown In Fig, 4. All of the films had low apparent 
density and the faceted Pd interface could be seen. 
Rgs, 4 (a) and (b) show the film surfaces prepared 
by quenching process with the depositidn time of 
20 mln end 60 minp respectively. It was found that 
the deposition took place very slowly during the first 
20 min. This meant that our potyol deposition on 
PdGI had an incubation time. However, such incu- 
bation lime was not found In the deposition on Cu 
subsbBte. This was because th etactrolefis depo- 



sition could only occur selecttvely on an acth^e sur- 
faco. For the less-active PdGI subetrate, setf-adi-. 
vation by the FeNl deposits was essential for fur- 
ther deposition. During the incubation period, FeNi 
vyas deposited on Pd faiterface with very low deposi- 
tion rate. When the entire surface of the substrate 
was well covered with deposited FeNi, the auto-cala- 
lytlc activity of FeNl In this electroless method could 
enhance the rate of film deposition. Fig. 4(c) shews 
that the vapor-deposlted particles occurred on the 
Pd and a larger porosity between the faceted par- 
tides as compared to that of solution deposition. 
These results showed that during quenching, the 
EG solution could drffuse into the voids among the 
faceted Pd part'des and lead to FeNl deposition, 
thus reeulting in a lees porous film, 

Structure. The Information of long range order of 
tiie crystalline films were investigated using XRD. 
e-2e XRD results of fQms deposKed on Cu substrates 
are shown in Fig. 5. Except the peaks of Cu (111) 
2e = 43.6" and (200) 29 = 51 .7*. only one peak cor- 
responding to FeNi alby was observed, Fe and Nl 
have mutual miscfbHlty and are expected to form 
solid solution. The single peak In XRD results also 
suggested the formation of solid solution [1 7] . How- 
ever, since the d-«pacmgs of Nl and Fe are very 
close, we could not rule out the possibility of the 
combination of two elemental peaks due to size or 
strain line broadening [18]. 

The XRD results of PdGI substrat and depos- 
ited F Nl films were shown in Fig^ 6. Because th 
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Fig. 5. XRD patterns of FeNI films deposited on 
Cu substrates. Only one film peak at 26 =44.6° 
was detected. 

Prf interfagQ was very thin (25nm) and the faceted 
structure (a wrage s'ea Z^m x 3^) rendered the sur- 
face very rough , ih& XRD spectra became veiy rwlsy 
when using the same scanning rate as used in Fig. 
5. However, the polycrystalllne Pd interface could 
still be detected. The film grown above solution only 
showed one broad peak from Pd, whereas no dif- 
fraction peeks ware found in qiianched films. The 
results Indicated that the films were likely to have 
amorphous structure. Such amorphous structure 
might be caused by the oxfdatbn of filnns. The po- 
rous nature of the fitm greatly increased the surface 
area for oxidation to occur, resulting in amorphous 
oxide. It was also noted that the drffracti'on peaks of 
Pd Inleiface disappeared >n the film deposited by 
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FiQ, 6» XRD patterns of FeNI films deposited on 
PdQI sutTstrates. TTie films were likely to have 
amorphous structure due to heavy oxldatk>n. 

quenching. Since the penetration depth of X-ray Was 
several microns and the thickness d FeNifilm was 
in the range of 400-500 nm. the disappearance of 
Pd peaks could not be attributed to limited X-ray 
penetration depth. Since Pd can alloy with Fo, the 
possible diffusion of Pd into deposited film is cur- 
rently investigated. 

The information of short range order reveals the 
local atonoic environment i.e. nearest neighbors of 
a spedflo atom. Such average k>ca] atomic environ- 
ment of as-deposited Ni and Fe was detemiined 
from extended X-ray absorption fine structure 
(EXAFS) data collected In fluorescence mode. De- 
tails of EXAFS study will t>e discussed elsewhere. 
Figs. 7 and 6 show the Ni edge absorption spectra 




Rg. 7. X-ray Ml ed^ absorption spectra oC FeNI « « « « s « " 

films deposited on Cu substrate. When the pheton anvniy (ic*V) 

substrate was suspended above solution, the Fig. X-ray Ml edge absoiplton ^ectra d FeNi 

sharp peak near the absotptlon edge (photon films deposited on PdGI substrate. Both samples 

nergy =8.35 keV) lndk;ated Nl oxkiatkxt. had bean apparently oxidized. 
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of FaNi films deposited on Cu and PdGI substrats, 
reepecttvety. The sharp peak after the edge regkrn 
indicated thd oxidation of Ni, It was noted that for 
Cu substrate, only vapor-deposited film had been 
oxidized. andthi$ result was in agreernentwith the 
SEM observation. However, for PdGI substrate, both 
samples had been apparently oxidized. The EDX 
analysis of films grown on PdGI also showed high 
oxygen content (about 50 at.%). The oxidation of 
Fe and Nl led to the formation of two antiforromag- 
netlo phases y-FejOj and NIO, which were more 
stable than the other oxides. As a resuSt. the satu- 
ration magnetization (M.) of these Alms was very 
low and independent of Fe concentration, I.e. it was 
below 50 emu/cm", whereas the of FeNI alloy 
was 1000 emuycm' for Fe^Nigy and 1700 emu/cm^ 
forFe^j^, respectively [191. The fanrimagn otic phase, 
such as Ni ferrite (NiFe^OJ with M, of 270 emu/om^ 
was not expected by simpla oxidation of FeNi film. 

4. CONCLUSION 

The polyol deposition of FeNlfilm on conductive (Cu) 
and non-oonducth/e (Pd activated glass) substrate 
was studied. The film composition depended on the 
substrate position in the process. The solution depo- 
sition led to Ni-rich film, while the vapor deposition 
resulted In Fe-rich film. Films with Intermediate Fe 
concentrations were prepared when the substrate 
experienced repeated sequential solution and va- 
por deposition. The Incubation period and amorphous 
structure were observed when Pd activated glass 
was used as substrate. The film was oxidized when 
the vapor phase deposition process was used. 
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